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DECOPIPOSITION OF I'IITRONILJhl PERCHLORATE" 

M. D. biarshjll and L. L. Lewis 

Cal lery Chemical Company, Callery, Pennsylvania 

Abstract 

The decomposition react ion f o r  nitronium perchlorate i s  believed t o  be 
t h e  formation of nitrosonium perchlorate and oxygen. 
C12 ,  (2102) observed during the  decomposition appear t o  be the r e su l t  of the sub- 
sequent decorposition of nitrosonium perchlorate. 
demonstrated i n  vacuo by a preponderance of oxygen i n  the vo la t i l e s  during the 
ear ly  stages of t h e  decomposition of nitronium perchlorate and by the products of 
t h e  l a t t e r  stages which descr ibe the  decomposition of nitrosonium perchlorate. 

I n  sealed tubes, the  react ion of dinitrogen te t roxide w i t h  nitronium 
perchlorate ultimately predominates, giving nitrosonium perchlorate and oxygen as 
products. 

The other products (NO2, 

This mechanism i s  c lear ly  

This react ion has been shown t o  be catalyzed by dinitrogen tetroxide. 

Introduction 

Nitronium perchlorate  begins t o  decompose slowly a t  approximately 50°C 
resu l t ing  i n  the production of gaseous products. 
pur i ty  of t he  sample i s  r e l a t ed  t o  the decomposition. 
e f fo r t s  by s e v e r d  inves t iga tors  t o  obtain high-purity samples, decomposition i s  
s ign i f icant  by 60"c. 

There is  some evidence t h a t  the  
On the other  hand, despi te  

Our in t e re s t  i n  t h i s  problem was one of es tabl ishing the  mechanism fo r  
t h e  decomposition. By doing so we hoped t o  obtain information t h a t  would allow 
u s  t o  prevent or suppress the  decomposition. 

been reported by Cordestly a s  proceeding t o  the gaseous products: NO2, C12, C102, 
N0&1 and 02. 
t h a t ,  a t  65"c i n  sealed tubes, nitrosonium perchlorate was a major decomposition 
product. 
phase, would quant i ta t ive ly  convert nitronium perchlorate t o  nitrosonium perchlor- 
a te .  Thus, a mechanism involving only gaseous products appeared unlikely. 

The decomposi i n of nitronium perchlorate between 70 and 112°C has 

As a r e s u l t  of some screening experiments at Ca3lery we were aware 

W e  were also aware t h a t  dinitrogen te t roxide,  a t  l e a s t  i n  the  l iqu id  

To avoid any such back react ion of dinitrogen te t roxide with nitronium 
perchlorate we decided t o  carry out our study under vacuum, with continuous re- 
nova3 of products. 
decomposition r a t e ,  but  one at which the  gaseous products could be handled by the 
pumping system. 

Experimental 

The temperature of 65"c was chosen s o  as t o  give a s ignif icant  

The decompositions vere carr ied out i n  g lass  reactors  connected through 
a short coupling t o  a small vacum system. 
hygroscopic, and even with utmost care, the  presence of  hydrolysis products cannot 
be avoided. 

Nitronium perchlorate i s  extremely 

Therefore, a f t e r  completing the  sample t ransfer  t o  the  decomposition 
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reactor ,  the  removal of hydrolysis products (HNOs and HC104) were effected by pump- 
ing a t  10-5 mm of mercury at room temperature u n t i l  a constant weight was obtained.* 

The decomposition w a s  monitored at 65"c while continuously pumping on the  
sample. 
The vo la t i l e  decomposition products were passed through a -196°C t rap ,  where con- 
densables were removed and per iodical ly  analyzed. 
en t i r e ly  of oxygen, were Toeplerized e i the r  continuously, o r  per iodical ly  t o  check 
t h e i r  r a t e  of renoval. 
recovered o r  measured and appropriate analyses carr ied out on the  residue. 
l ined  nitronium perchlorate w a s  weighed With the residue. 
limed so l ids  were measured and analyzed. 

A pressure of at l e a s t  10-4 rnm of mercury was maintained i n  the  system. 

Non-condensables, consisting 

The weight-loss of the  sample w a s  checked against  vo la t i les  
Sub- 

On most runs, the  sub- 

Results and Discussion 

The decomposition experiments were characterized by: (1) An immediate 
deposition of sublimed materials on the  cooled reactor  w a l l s  within one minute 
a f t e r  placing the sample i n  the  65"c bath; (2) An induction period of 24-40 hours 
during which no visible evidence of vo la t i l e s  was observed; (3)  An i n i t i a l l y  slow, 
bu t  rapidly accelerating production of oxygen which maximized at approximately 100 
hours with concurrent appearance of yellow condensable i n  the  -196"~ t rap;  and 
f i n a l l y  (4) A noticeable decrease i n  the r a t e  of oxygen evolution which diminished 
slowly throughout t he  reminder  of t he  run. 

Oxygen Evolution 

A p lo t  of the t o t a l  oxygen evolved versus t i m e  gave the typ ica l  sigmoid 
curve charac te r i s t ic  of so l id  decomposition (Figure 1). 
a t ion  periods a re  c lear ly  evident, along with the  subsequent lower r a t e  of t o t a l  
oxygen evolution during the  decay stage. 

The induction and acce lep  

A plo t  of the  r a t e  of oxygen evolution for one experiment is  shown i n  
Figure 1. The peak r a t e  of oxygen re lease  occurred a t  approximately 100 hours, a t  
about a lo$ weight loss ,  and with more than 80% of t h e  nitroniwn perchlorate s t i l l  
i n t a c t  i n  the  sample (80$ figure obtained from a similar run stopped at t h i s  point 
and the so l id s  analyzed.). 

The r a t i o  of oxygen released per gram of wei&t-loss incurred a l so  varied 
throughout the run. Table I smmarizes t h i s  da ta  fo r  two experiments. 

+ The effectiveness of t h i s  procedure w a s  demonstrated by adding a measured 
amount of water t o  a sample of nitronium perchlorate and, after pumping according 
t o  t h e  procedure described, the weight-loss was measured f o r  the sample and the  
n i t r i c  and perchloric acids titrated i n  the  recovered vola t i les .  AU values were 
theore t ica l  i n th in  limits of the  analyses. 
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TABLE I 

RATIO OF OXYGEN EVOLVED PER GRAM I4EIGHT-LOSS 

Total  Tine (hrs.) wt. Loss (8) 09 (moles)  

Run No. 1 

29 
73 
92 

112 
132 
154 
174 

Run No. 2 

----- 
0.160 

0.161 

0.163 

0.140 

0.154 

0.150 

0.341 

0.129 
0.177 

0.103 

0.02 
2.46 
2.01 

1 - 9 3  
2.13 

1.80 
1.47 

mmoles Or 
g. wt. l o s s  

11.1 
9.8 

3-98 11.7 
1.32 7.3 
0.88 6.8 
0.66 6.5 

The change f rom 15.5 t o  6.5 f o r  the  moles  of 02 per gram wt.-loss i s  s ignif icant  
i n  t h a t  it denotes a mechanism change, or  the  increasing importance of a secondary 
react ion.  
ta ined  from nitronium perchlorate  decomposition react ions giving only gaseous pro- 
ducts, bu t  they must arise from a combination of react ions i n  which the production 
and decomposition of NCC104 i s  involved. 
obtainable from NO&104 f o r  t h i s  r a t i o  a re  shown by the equations 

The 15.5 and 6.5 values axe also s igni f icant  since they cannot be ob- 

The highest and lowest possible values 

(moles  02/g. wt. loss) 

N O g 1 0 4  -- NO2 + 1/2 C 1 2  + 2 02 13.8 

N O S 1 0 4  ----------.) NO2 + C 1 0 2  + 1/2 02 6-9 

On t h e  other  hand, values of 31.3 and 3.9 are possible from the  production and 
decomposition, respect ively,  of nitrosonium perchlorate. 

(moles  ~ p / g .  w t .  l o s s )  

N O S ~ O ~  --- ~ m 1 . 0 ~  + 1/2  o2 31.3 

NJoc10~ ---.a NO2 + c102 + 1/2  02 399 

Volat i les  Condensable a t  -196"~ 

The condensed mater ia ls  were ident i f ied  as N 0 2 ,  C l 2  and C102 by means 
of in f ra red  and mass spec. analyses. 
chlor ine and nitrogen content. 
invariably equaled the  equivalents of nitrogen found, within limits of the  
analyses. 

The sample was hydrolyzed and analyzed for  
The combined equivalents of chlor ine ( C l 2  t C 1 0 2 )  

The nitrogen dioxide produced (measured as nitrogen i n  the  hydrolysate) 
per gram of weight-loss of sample slowly increased as the  decomposition progressed 
The values fo r  two runs are shown i n  Table 11. 



TABLE I1 

NO2 PRODUCED PER GRAM (3' WEIGHT-LOSS 

m o l e s  NO2 
Total  Time (hrs.) W t .  Loss (g) NO2 Produced (mats) go wt. l o s s  

Run No. 1 

73 
92 

112 
132 
154 
174 

Run No. 2 

397 
492 

0.160 
0.140 
0.161 
0.154 
0.163 
0.150 

0.647 
0.103 

0.90 
0.77 
0.93 
0.99 
1.07 
1.02 

4.32 
0.78 

5.6 
5.5 
5.8 
6.4 
6.6 
6.8 

6.7 
7.6 

It is  again s igni f icant  tha t  the  value of 7.6 m o l e s  of NO, per gram of 
weight-loss of sample obtained over the  las t  period from 397 t o  492 hours of de- 
composition f o r  Run No. 2 cannot be obtained from any decomposition react ion one 
may write f o r  NO&104. It is, however, near ly  theore t ica l  f o r  t he  decomposition 
of NoC104 t o  volatiles." 

m o l e s  NO2 
g. wt. loss 

Nm104 - NO;! + C 1 0 2  (Cl;! + 1/2 02 7.7 

Analysis of Sol ids  

I n  our or ig ina l  hypothesis, we believed the  formation of NoC104 i n  the 
residue would be avoided by carrying out the  decomposition under vacuum. By doing 
so, we  hoped t o  prevent the  back react ion of the  NO2 produced i n  the  decomposition 
with NO$lO4. 
quant i t ies ,  possibly suggesting i ts  fonnation by a d i f f e ren t  mechanism. 
sence was confirmed by x-ray, Raman and wet analysis  techniques. 

Nevertheless, Nm104 was observed i n  t h e  residue i n  subs tan t ia l  
Its pre- 

Figure 2 compares t h e  NE104 found i n  the  residue with the  N02C1O4 de- 
composed as a f inct ion of t i m e .  
duction of NoC104 i s  observed t o  coincide with the  peak rate of NO&104 decompo- 
s i t ion .  
perchlorate as indicated by the  slopes of t he  curves. This would most cer ta in ly  
be true if, as  we suspect, nitrosonium perchlorate i s  also being continuously pro- 
duced from the decomposition of nitronium perchlorate during t h i s  period. 

With the  l imi ted  da ta  avzilable, t he  peak pro- 

"he NCC104 d s o  appears t o  decompose at a faster r a t e  than t h e  nitronium 

A study of t he  decomposition of NoC104 under conditions iden t i ca l  t o  t h i s  
study gave the followlng results: (1) Nitrosonium perchlorate decomposes with no 
noticeable induction period, giving only the  gaseous products, N02, C102,  Clg and 
02; n'tronium perchlorate i s  reported as  a major product of t h i s  decomposition a t  
99"Cd but only trace quant i t ies  were observed i n  our study. (2) The decomposition 

* 
l y  lor tiic dccorJposition of T?0c104 under similar conditions. 

A value of 7.6 m o l e s  of NO;! per gram of weight loss  was observed experimental- 

( 2 )  Rosolovshii, V. Ya ,  and Rumyantsev, E. S., RUSS. J. of Inorg.Chem., English 
~ r a n s l .  8, 689 (1963). 
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of IIoC104 proceeds a t  a f a s t e r  rzte t h m  t h a t  l o r  N02C104, at l e a s t  a f t e r  the  
accelerntory period of t h e  l a t t e r  cornpound. 
conclusions of Rosolovskii (2) 

This observation i s  consistent I.rith 

Several i n t e r e s t i n g  f a c t s  concerning the  sublimed so l ids  should be 
noted: (1) Sublirmtion occurred inmediately upon heating t h e  sample to 65"c; 
(2) 'The sublined so l ids  m d y z e d  t o  be N02C104 both by x-ray and elemental 
andyses ;  ( 3 )  h a l y s e s  d id  not detect  t h e  presence of N E 1 0 4 ;  ( 4 )  The r a t e  of 
s;lblimation appmred t o  be  compzrztively constant over the  decomposition period; 
sLb1imation u s u d l y  occurred a t  about 112 t o  113 t h e r a t e  of decomposition. 
These f e c t s  axe s igni f icant  i n  t h a t  they ind ica te  t h e  sublimation t o  be en t i re ly  
independent of t h e  decomposition. 

The Decomposition Mechanism 

The vacdurl decomposition of ItJO&lO4 a t  65"c proceeds by a nechanism 
(1) A decreasing r a t i o  of oxygen evolution per vhich must take i n t o  account: 

vei&t-loss of sample; (2) An increasing r a t i o  of NO2 production per weight-loss 
of sample; ( 4 )  The production of NCC104 as a product and i t s  subsequent decompo- 
s i t i o n ,  and (4) The decomposition of NoC104 as the  predoninant react ion i n  the  
lat ter stages.  
mechanism: 

The observations a r e  bes t  explained by the  following two-step 

(a)  p:02c104 - N O C ~ O ~  + 112 o2 

(b) N O C l O 4  ----- NO2 + '2102 ( C l 2 - +  02) -+ 1/2  02 

Assuming t h e  mechanism as described, t h e  r a t i o s  of 02 and NO2 per gram 
of weight-loss expected f r o m  equations ( a )  and (b) i n  various r a t i o s  can be cal-  
culated.  These a r e  tabulated i n  Table 111. 

TABLE I11 

CI\LCULAT.ED QUNKCITIXS OF O2 AND NO2 PRODUCED PER W I G H T  LOSS OF NO&104 

m o l e  produced/g . w t  . -loss 
Rat io  Equations 4, Assuming all 02, Assuming all 

C 1  as Clp C1 as Clop a:b 9 2  

1o:o 
1O:l 
10: 2 
10:3 
10: 4 
10:6 
10:8 
10 : 10 
8:lO 
6:10 
4:lO 
2 : l O  
0:lO 

none 
3-5 
4.8 
5.5 
5.8 
6.4 
6.7 
6.9 
7.0 
7.2 
7.4 
7.5 
7.7 

31.2 
19.0 
14.4 
11.8 
10:3 

8.5 
7.5 
6.9 
6.3 
5.8 
5-2 
4.5 
3.9 

31.2 
22.5 
19.1 
17-3 
16.2 
14.9 
14.2 
13.8 
13.4 
12.9 
12.5 
12.1 
11.6 

The NO2 and O2 values thus  lie betveen t h e  extremes of 
i n i t i a l  stage vhich descr ibes  t h e  production of NWlO4; and 7.7 and 3.9 t o  11.6 
f o r  t h e  latter stage which describes the  decomposition of NOC104. 

and 31.2 f o r  the 
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The experimental values fo r  these same r a t i o s  f o r  the  two experiments 
previously c i t ed  a re  shown i n  Table IV. 

TABLE IV 

EXPERIbENTAL 02 AM) NO2 WEIGHT-LOSS RATIOS 

Total Time (hrs.) m o l e s  02/g w t .  loss m o l e s  NOg/g wt. loss 

Run No. 1 

73 
92 

112 
132 
154 
174 

Run No. 2 

198 
298 
397 
492 

15.5 
14.3 
13.3 
12.6 
11.1 

9.8 

11.7 

5.6 
5.5 
5.8 
6.4 
6.6 
6.8 

The general t rends fo r  t he  m o l e s  of O2 and NO2 produced per weight-loss 
are observed t o  follow those expected f o r  the  proposed mechanism. 
(a) predominates i n  the  ea r ly  stages is  supported by the  i n i t i a l l y  high experi- 
mental values obtained f o r  t he  r a t i o  of 02 evolution per weight-loss of sample. A 
theore t ica l  value of 31.3 would be expected i f  only (a) occurred, s ince oxygen i s  
the  only vola t i le .  
rapidly a t  65"c without any induction period by equation (b) which would immediate- 
l y  become operative. Any contribution by (b) would lower t h e  oxygen t o  weight-loss 
r a t io ,  s ince at its highest possible rate of oxygen production, (giving NO2, C 1 2  
and 02 as decomposition products), a theore t ica l  11.6 value f o r  the  r a t i o  of moles 
of oxygen t o  weight-loss would be observed. 
after 73 hours i s  therefore  a '"net"' f igure  f o r  react ions (a) and (b)  during t h i s  
i n i t i d l  in te rva l ,  and represents a subs tan t ia l  contribution from reac t ion  (a). 

That react ion 

This would be t rue  only momentarily, since N O C 1 0 4  decomposes 

The i n i t i a l  value of 15.5 observed 

A quant i ta t ive correlat ion of equations (a )  and (b) with the  oxygen 
r a t i o  is not possible because of the  uncertainty i n  the  quant i ty  of C 1 0 2  decom- 
posed t o  C i 2  and 02. On the  other  hand, the  r a t i o  of NO2 produced per weight-loss 
can be d i r e c t l y  correlated. 
ca tes  tha t ,  during the  first 73 hours, the  r a t i o  of equation a:b averaged l O : 3 ,  or 
s ta ted  otherwise, approximately 3O$ of the  l'JOC104 t h a t  w a s  produced during t h i s  
period by equation (a) subsequently decomposed. 

The i n i t i a l  r a t i o  of 5.6 f o r  NO2, f o r  example, indi- 

A t  t h e  f i n i s h  of Run No. 1, during the  in t e rva l  of 154 t o  174 hours, 
react ions (a) and (b) were operating a t  an approximate l0:g ra t io .  
decomposed a t  nearly the  same r a t e  as i t s  production from NO,&lO4. 

Thus, NOClO4 

The 7.6 value f o r  the  NO2 r a t i o ,  obtained over the  period of 397 t o  492 
hours of Run No. 2 ind ica tes  t h a t  the decomposition of N E 1 0 4  (equation b) was 
occurring ten  times f a s t e r  than it was being produced from equation (a), thus 
rapidly diminishing the  excess produced during the  accelerated period of the  
NO&104 decomposition. 

t i o n  obtdned  i n  the  l a t t e r  stages of t he  decomposition of N02C104 are almost 
The 7.6 value f o r  rio2 production and the  6.5 value f o r  t h e  oxygen evolu- 
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i den t i ca l  t o  similar values obtained f ron  the decomposition of NOC104 under similar 
conditions. The respec t ive  values fo r  Noc1o4 were 7.6 and 6.9 m o l e s  per gram of 
weight-loss, indicating t h e  predominance of t h i s  reaction i n  the  l a t t e r  stages of 
t he  X02C104  decomposition. 

As a fur ther  check on t h i s  mechanism, the decomposition of N O S 1 0 ,  was 
nonitored, using a Raman c e l l  as a decomposition reactor. The changes i n  the  
R a m  spectrum were measured periodically and compared id-th the  production of 
oxygen throughout t h e  course of the  decomposition a t  65"c. 
X 0 2 +  absorption by NO$1O4 coincides vrith the appearance and increase i n  the NO+ 
cibsorption f o r  N O C l O 4  (Figure 3)  

t i v e  perchlorate absorptions c lose ly  pa ra l l e l  t h e  cation absorption curves. 
oxygen curves are s imi la r  t o  those previously observed (Figure 4). 
peak rate o f  oxygen evolution occurred a t  approximately 100 hours. 

The rapid drop i n  the  

as would be expected from the  proposed mechanism. 
Only the  NO=+ (1400 cm-1) and NO 4 (2300 cm-1) curves were p lo t ted  since the  respec- 

The 
A s  before, the  

It i s  s ign i f i can t  t o  note t h a t  the Raman  data a l s o  indicates a break a t  
about 100 hours i n  the  absorption curves for  NOg', which w a s  decreasing, and NO+, 
which was increasing. Since a Reman spectrum of so l ids  i s  predominantly a surface 
phenomenon, t h i s  agreement suggests an i n i t i a l l y  rapid surface reaction converting 
the  surface IiO&104 t o  NOC104 which then controls continued decomposition. 

A mechanism for t he  decomposition of N02C1O4 i n  t h e  presence of i t s  de- 
composition products would have the  dinitrogen tetroxide-catalyzed conversion of 
N0$1O4 t o  IlrCClO4 i n  addition t o  t h e  reactions (a)  and (b). 

N 0 2 C 1 0 4  + IJ204 ----IC IfOC10* + NZOS 

N&s N204 + 1/2 02 

When a c r i t i c a l  concentration of NO, has been reached from t he  decomposition of 
nitrosonium >er:hl>rste, this ca t a ly t i c  conversion rap id ly  becmes the  predoaiaat- 
in@; reac t ion  i n  t h e  mecnmism. Previous vork at Callery had shown t h i s  reaction 
t o  be quantitative i n  the  presence of l i qu id  N 2 0 4 . ( 3 )  I n  the  course of t h i s  in- 
vestigation, gaseous N2O4 at ambient tenperature, i n  l e s s  than equimolar quanti- 
t ies,  was a l s o  demon t a t e d  t o  e f f ec t  the  quant i ta t ive  conversion presumably by 
the  above mechanism. bj 

Discussion of The& S t a b i l i t y  

The foregoing discussion does not explain the  reasons f o r  t he  in s t ab i l i t y  
of ?J02C104, but with t h i s  information a reasonable picture as t o  the  decomposition 
process can be presented. 

Borroving from t h e  c l a s s i c a l  concept of s o l i d  decompositions, decomposi- 
t i o n  probably i n i t i a t e s  a t  defec t  sites on t h e  c r y s t a l  surface where circumstances 
o f f e r  a lowered energy of activation. (4) It appears most probable t h a t  the decom- 
posit ion i n i t i a t e s  with NOC104 formation. "herefore, ion in te rac t ions  a re  in-  
volved. 

It can be stated t h a t  t he  i n s t a b i l i t y  of NO$lO4 i s  not inherent i n  the 
nitroniurii ion. More s t a b l e  nitronium species are known; NO$F4 i s  reportedly 

( 3 )  
(4) 

'2. D. McElroy and M. D. Marshall; t o  be published. 
Garner, "Chemistry of the  Solid S ta te"  Butterworth Sc ien t i f ic  Publications, 
London, (19551, Ch. 7. 
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s t ab le  a t  170°C(5), and (NO2)&(C1O4)6 and N02Zn(C104)3 are quant i ta t ive ly  pre- 
pared at i25'C(6), a temperzture at which N02C104 rapidly decomposes. 
well a w r e  of s tab le  perchlorate salts. 
i s  pecul iar  t o  the N02+ and C104' ion combination. 

We are  a l s o  
Obviously, then t h e  i n s t a b i l i t y  of N02C104 

The following mechanism i s  suggested as  occurring a i  the  c rys t a l  surface. 

Nitronium perchlorate, as an ion-complex may e x i s t  as a t r ans i to ry  intermediate 
which may either rever t  t o  ions, sublime or decompose. A s'milar mechanism has 
been proposed f o r  t he  decomposition of ammonium perchloratet7). 

Evidence for  in te rac t ion  betveen the  N02+ and C104' ions has been ob- 
served i n  the  N0.&104 c rys t a l  l a t t i c e .  

78j"""f;; 
and from the te t rahedra l  angle f o r  the  C1-0 bonds of the  (!lo4- have bee 
preted by Truter et al., as due t o  in te rac t ion  between cat ion and anion 
addition, both Raman and infrared spectra  of nitronium perchlorate obtained here 
a t  Cal lery o* e shown the s p l i t t i n g  of t he  perchlorate C1-0 bands which, according 
t o  Iiathawa$;y, i s  charac te r i s t ic  of bidentate  coordination f o r  t he  perchlorate 
group. 
I>IO2ClO4 a d  decomposition may therefore  be f a c i l i t a t e d  by t h i s  interact ion.  

Distor t ions from l i n e a r i t y  i n  the  NO,' ion, 

Thus, something less than a t r u l y  ion ic  c rys t a l  l a t t i c e  i s  present i n  

In  complex perchlorates [e.&. (N02)&(C104)~, (N02)Zn(C104)3] , the C 1 0 4 -  
ion i s  coordinated by the  aluminum or zinc ions and therefore  has l i t t l e  tendency 
t o  in t e rac t  with the  N02+ ion. 
l i t t l e  d i s to r t ing  influence. 
NO2+ i s  minimized and an increased t h e m  s t a b i l i t y  r e su l t s .  

I n  NO2BF4, the  BF4- ion presumably exerts  very 
Thus, i n  these compounds, t he  ionic  d i s to r t ion  of t he  

( j )  
(6) 

Kuhn a d  Olah, JACS a 4565-73. (1961)- 
McELroy, A. D., Guibert, C. R., Bellissirno, J. S., and Hashman, J. S., 2. 
Inor- Chem t o  be published; presented Gordon Research Conference, August, 

Galwey, A. K. and Jacobs, P. W. M., F'roc. of Royd Chem. SOC., Series A, a, 
Truter, M. R., Cruikshank, D. V. J., and Jeffrey,r% A., Acta C r y s t .  y 855 

Hathaway, B. M., and Underhill, A. E., J. Chem. SOC., 3091 (1961). 

leL' 
(7) 

(8) 

(9)  

. 455 (1960). 

(1960) 

! 

- .- . . -. . .. . . ... _ _ _  . - . .~ 

1 

1 .  . 
I . .  

' .  .: 

. .  ! 



98 

0 20 40 

-_ 

. . .  ... 7 I . . . .  . t , O l l  . 

00 100 120 1Lg 1 

‘I 
Avg. rate far 16 hrs. 

T l m  (hours) 

FIGURE 2 

DECOMPOSITION OF N0&101 AT 65”c 

, 

100 200 300 0 

Reaction Time (hrs. ) 



100 

0 
0 

90 

, / , -  , I d 1 
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 

80 

70 

C 
o 60 

.A 
v) 

.A > 6" 50 

C 
40 

d 

30 

20 

10 

99 

FIGURE 3 
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